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Informal Semiconductor Industry Association Discussion with EPA on NMP
March 12, 2020

The Semiconductor Industry Association (SIA) considers the data and information
submitted to the Agency sufficient to support the conclusion that the conditions of use
of NMP in semiconductor manufacturing do not present an unreasonable risk to
workers.

SIA provided information to EPA on:

e Container changeout tasks (Semiconductor Industry Association, Nov. 2019,
Appendix A pp.6-8, pp.16-17, C-1 thru C-4).

¢ Maintenance tasks which may occur in fab, sub-fab or parts clean room
(Semiconductor Industry Association, Nov. 2019, Appendix A, pp.9-14, p.17, M-1
thru M-8).

e« Fab Operations — majority of fab workers are occupationally non-exposed
workers because processes occur in enclosed tools (Semiconductor Industry
Association. Nov. 2019 Appendix A, p. 14, results pp.17-18, F-1 thru F-6; OECD
2010).

e Truck load/offload (Semiconductor Industry Association, Nov. 2019, Appendix A
pp.14-15, results p. 18, T-1}.

Additional estimates of dermal contact and duration of exposures is provided in
Semiconductor Industry Association, 2020, Appendix A.

No opportunities for exposures occur on loading docks where NMP is delivered. NMP is
delivered to semiconductor facilities in a variety of container sizes {Semiconductor
Industry Association, Nov. 2019, Appendix A pp.6-8, C-1 thru C-4). Chemicals used in
semiconductor fabs must be maintained at high purity; thus, containers and drums must
remain sealed until use and are not opened on the loading docks. Containers may be
opened in fab, sub-fab chemical distribution rooms, or parts clean room by workers
wearing appropriate personal protective equipment. Such PPE is described in SIA’s
November 2019 submission and our 2020 follow-up. Submission by member companies
corroborate this information.

The following tasks may be performed in sub-fab floor spaces where connections to
lines/equipment might be made/removed from containers in which NMP is present.

e Container changeout tasks may be conducted in the fab, sub-fab or chemical
distribution rooms (Semiconductor Industry Association, Nov. 2019, Appendix A
pp.6-8, pp.16-17, C-1 thru C-4).

e« Maintenance tasks may be in fab, sub-fab or parts clean room (Semiconductor
Industry Association. Nov. 2019, Appendix A, pp.9-14, p.17, M-1 thru M-8).
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e Additional information on work shift lengths can be found at: Semiconductor Industry
Association. Nov. 2019, Appendix A, p.5 and Semiconductor Industry Association, 2020,
Appendix A.

e Container handling. During loading and unloading of bulk NMP and waste shipments,
engineering controls and PPE are used to minimize worker exposure. Semiconductor
Industry Association, Nov. 2019, Appendix A, pp.14-15. Engineering controls and PPE
employed to minimized exposure during container changeouts workers are presented in
Semiconductor Industry Association, Nov. 2019, Appendix A, pp.6-8, pp.16-17, C-1 thru
C-4.

e Occupationally non-exposed workers are the majority of workers in the fab. |H
monitoring data was provided (Semiconductor Industry Association, Nov. 2019,
Appendix A, p. 14, pp.17-18, F-1 thru F-6.).

e Training. Workers who may come into contact with chemicals must complete training
prior to handling chemicals. Example personal protective equipment and glove training
programs were provided to EPA (Semiconductor Industry Association, 2020. Appendix B;
Intel, 2019; Intel, 2020). Do you need additional information on training programs?

e Cardno ChemRisk use of PBPK model and the basis for its output. Cardno-ChemRisk used
EPA’s PBPK model to prepare its own assessment of the occupational exposure of
semiconductor workers. Modeling with refined exposure inputs and assumptions based
on best available science shows no unreasonable risk to semiconductor workers. For
clarification of the PBPK modeling, please refer to the attached supplemental
information and the report which is found in Semiconductor Industry Association, 2020,
Appendix A. If EPA personnel have questions, please advise.

e We concur with EPA’s finding that the use of NMP in semiconductor manufacturing does
not present an unreasonable risk of injury to the environment; therefore, we do not
address those conclusions here. We note the discussions during SACC meeting and
concerns were addressed in Intel’s January 2020 comments {Intel, 2020).

e SIA considers all chemical-related exposures under the conditions of use in
semiconductor manufacturing to be minimal such that no unreasonable risks are
presented. This conclusion was reached by EPA in another recently released draft risk
evaluation for a substance that generally poses a greater hazard than NMP.

e Our members would be happy to work with the Agency to fill any data gaps and in

support of the conclusion that NMP in semiconductor manufacturing presents no
unreasonable risk

ED_006308_00000030-00002



March 12, 2020

References

Semiconductor Industry Association, Nov. 2019. Comments of the Semiconductor Industry
Association {SIA) To the Science Advisory Committee on Chemicals (SACC) On the Draft Toxic
Substances Control Act (TSCA) Risk Evaluation for N-Methylpyrrolidone (NMP), 84 Fed. Reg.
60,087 (Nov. 7, 2019) [EPA~HQ~OPPT-2019-0236; FRL-10001-87], Submitted November 26,
2019. hitps://www.regulations.gov/document?D=EPA-HO-OPPT-2019-0236-0031

intel, 2019. Intel Comments to: Science Advisory Committee on Chemicals (SACC) On the Draft
Toxic Substances Control Act {TSCA) Risk Evaluation for N-Methylpyrrolidone (NMP), December
5,2019. hitos:/ fwww regulations.gov/document?D=EPA-HO-OPRT-2019-0236-0037

Semiconductor Industry Association, 2020. Comments of the Semiconductor Industry
Association {SIA) On the Draft Toxic Substances Control Act (TSCA) Risk Evaluation for N-
Methylpyrrolidone (NMP); 84 Fed. Reg. 60,087 (Nov. 7, 2019); [EPA-HQ-OPPT-2019-0236;
FRL-10001-87]; submitted January 21, 2020. hitns:/fwwworegulations.gov/document?D=EPA-
HO-OPPT-2018-0236-0057

Intel, 2020. Comments of Intel To the United States Environmental Protection Agency On the
Draft Toxic Substances Control Act (TSCA) Risk Evaluation for N-Methylpyrrolidone (NMP); 84
Fed. Reg. 60,087 (Nov. 7, 2019) [EPA-HO-OPPT-2019-0236; FRL—10001-87] Submitted January
21, 2020, htipsy fwwweregulations.gov/document? D=EPA-HO-OPPT-2012-0226-0064,

QOECD 2010. Emission Scenario Document on Photoresist Use in Semiconductor Manufacturing.
hitn/fwww, cecd.orp/officialdocuments/oublicdisnlavdocumentodt/Teote=env/im/mona{ 2004
Vidfrevi&doclangusge=en.

ED_006308_00000030-00003



March 12, 2020

Supplemental Information

ED_006308_00000030-00004



Global Refinements of Draft US EPA Semiconductor Manufacturing
Scenarios

20 {Industry workers handling chemicals

Glove Protection Factor 10 .
must undergo glove training)
Dermal Loading Skin immersion 0.7 to 2.1 mg/cm?2
L Most work activities: 3 fingertips (central
Surface area of liguid contact One to two hands tendency) and 10 fingertips (high-end)
Dermal contact time 360 to 720 minutes per shift  20-60 minute per shift
Shift duration 30 — 60 hours/week 36 — 48 hours/week

<2% (Conservative industry assumption

. . .
Fraction of skin exposed to dermal vapor 25% hased on tynical skin coverage)

Annual task frequency 52 weeks per year 50 weeks per year

** NMP was not detected in a majority of personal air sampling, suggesting low potential for residual NMP-containing
liquid to contact skin
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Non-Cancer Risk Estimate for Chronic Exposures Following Occupation Use of

NMP

Fab
workers
with NMP
container
change
out

Central
tendency
(SOth
percentile)

High end
(95t
percentile)

20 0.025 1 3 50 0.14 ' 0.33
o

20 0.5 12 4 50 0.41 g
(m)  (f)

Under EPA assumptions, MOEs indicated the potential for unreasonable risk.

7717 30

74 ()
88 (m)

1883 30
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Non-Cancer Risk Estimate for Chronic Exposures Following Occupation Use of

NMP

Malntenance

Central
tendency
(5ch
percentilel

High end
(95th
percentile)

20 0.5 1 3 50 0.02 e 0.32
{m) (f

20 1 12 4 50 0.70 245 3o 10
(m) (f)

Under EPA assumptions, MOEs indicated the potential for unreasonable risk.

4151 30

741
88 {m)

298 30
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Discussion

* In the US EPA’s draft risk assessment, dermal exposure to liquid NMP was the major contributor
to the determination of unreasonable risk

* Inhalation and dermal vapor exposures had negligible contributions to the unreasonable risk
determination

e Dermal liquid contact is unlikely to be the dominant source of NMP exposure for workers in the
semiconductor industry:

* |H data indicate a low potential for exposure to NMP based on well-described work and maintenance
practices supported by air sampling data

* There are generally limited opportunities for skin contact with NMP-containing liquids due to
operational conditions, engineering controls, administrative controls and PPE

* Aglove PF of 20 (95% efficiency) is appropriate because employees are provided with comprehensive
glove training and due to the strict work rules and procedures that must be adhered to in the
semiconductor industry

* Prolonged skin contact with NMP can cause dermatitis, blistering or cracking of skin, thus prolonged

contact (1 or 2 hands immersed in solvent for 30-60 hr/wk) assumed in the US EPA draft risk assessment
is self-limiting and thus implausible
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Conclusion

 The US EPA’s preliminary conclusion of unreasonable risk for the use of NMP in
semiconductor manufacturing reflected a lack of refinement and use of incorrect

assumptions in the draft risk assessment

e 1 or 2 hands immersed in concentrated NMP for 360 to 720 minutes per shift

» Using refined exposure scenarios based on IH monitoring data provided by the
industry as well as more accurate work task descriptions, acute and chronic
MOEs were greater than 30 indicating that the use of NMP in the
semiconductor industry does not present unreasonable risk
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Main Refinements to Exposure Scenarios

Typical fab worker

Fab worker with NMP container change out

Maintenance

Virgin NMP truck unloading

Waste truck loading

SRR
SoNgven

Surface area potentially exposed to NMP: none

NMP weight percent of 2.5% (central tendency) and 5% (high-end)

Surface area potentially exposed to NMP-containing liquid: 50% - 70% of
the palm side of both hands (Note: Workers wear chemical resistant PPE
and these exposures are not expected to occur)

Surface area potentially exposed to NMP-containing liquid: 10 finger tips
(central tendency) to 50% of the palm (high end) {Note: Workers wear
chemical resistant PPE and these exposures are not expected to occur}
Weekly shift frequency: 1 day per week (8 hr shift)

Annual frequency: 1 week per year

Surface area potentially exposed to NMP-containing liguid: 10 finger tips
(central tendency) to 50% of the palm (high end) (Note: Workers wear
chemical resistant PPE and these exposures are not expected to occur)
Weekly shift frequency: 1 day per week (8 hr shift)

Annual frequency: once per month (central tendency) or once every three
weeks (high end)
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Table 5-1: Summary of PBPK modeling parameters for worker inhalation exposures [updates US
EPA (2019a) Table 2-31]
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Table 5-2: Summary of worker dermal liquid exposure parameters [updates US EPA (2019a)

Table 2-32]
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Table 5-4: PBPK model input parameters [updates US EPA (2019a) Table 2-34]
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Table 5-5: Non-cancer risk estimates for chronic exposures [updates US EPA (2019a) Table 4-28]

Weeakly fpsual

- Bperage Lerags
Health Effect, {:g gg e Chronic ﬁi”gzi; Chronde | Annusd Benchmark
Waork Activity] Endpoint and ' ) Seenaric Bxposurs, quency Exposure, Sverage .

Study AUC AT BIC MOE

fhyr gLy
weeks
{hr gLl ¢ pyeary fhy gl

MOE

DosHaner

e Cerdrad Terdancy $.08 S .08 reiyts 33
Froring, . s (8

smal Dcregsad ‘ it ot o © e .

cosbiiee gy, High-end Bds 50 B2 204 4

T

T * %.;f;“‘”“f“”” Contral Terdency| 0.0 56 GOt 31S ag
wling, |- e $53

S Decreassd Ferility . - . )

drums B 190G Higheang 344 53 343 430 A0

— Reproductive Contral Tendency| .02 56 ¢e2 7T a6
Typical Inh Effects Ph.

ook Drecressat Perlity o . e

CE ermn, 100 Higgheand 3.8 et R 33

et cerrker wof] | LERTOdUCe Cerral Tendency] G008 543 oy Y Kt
MR coviniunr B3

ehargeout Hinheand 840 E RTE 30
soemirad Tendency G435 S {3k 4151 3
WMaintenae Ha
High-erd §.64 5 .54 Pt A
Lenirsd Tendency G240 1 004 45188 3G
183
High-arut §.27 3 G 34727 A
Cedral Tendency (R e 12 HEEE 53
83
Figh-aed .44 153 {534 S17G A

ED_006308_00000030-00015



Work Activity

Health Effect,
Endpoint and Study

Aoute POD,
S%’B‘ﬂk’
{eagl}

Beenario

Acute Exposure,
Peak Blood
Concentration

{mgity

MOE

Benchmark
MOE

Twveiopmentist BEffects

Canlral

Contaier ) HELY R A
, R roreased Folad . Tendanny
manding, sl e prbie e 21
cryianas Resarptions High-end .04 5109 30
RS ‘e . P R RS 3¢ U
iBallentad ot al, 2003
[T b Sarde “ardrad ) -
‘ - {ravalopmsssisl ?ﬁ{ i Cerdral B aond A0nn 40
Cordgdnas norewsed Falg 1 Tundenoy
handiing, drams Fesorysic - e 005 . .
{Baflendsd ot al |, 2003 o ? <
Devalopmerisd Effects Carral D604 50
e Frsnsed P s Tendancy
Typlos fab worker] o pale :
o soptons High-ert 0.9 8031
iBatlendal ot al | 3003 =
. | Developsmentst Effacts Santral o s
Faiy worier wi | oo ool R R £ 004 45448 36
Fwroase Fetal e Tandency
MAEF containg i 218
chargeo Resaptans Figgheargt 0139 W74 30
THA e s P T . i Gl At
° {Sadtenindt of p ) 2003 =
Beveés.);:;;’aemai {Z?&Ws ”a,entras £ 0T i 30
e froreasad Folal i Teradesioy
blntersyics T ety
Resomtions i ) @ 547
; o N E 23 S ik
Saditandalt of b, 2000 KRG 2 “ *
. £ew§opsmny<z§‘£§f\ e anfral o 144 1556 30
Wirgany NP fruok noressed Felal " Terlenny
upinading Rasorptions o . ‘
N cns ; . ] § 26 10687 3G
{Sailentalt ¢t al, 200 High-and G20 e ¥
4% sy ear st v FE e < "j £ ,§‘
N \ Dvslopraards E}?&k § Canlra 05 ava 50
Wasls frunk Inoressed Falal - Terglenoy
faading Resorphions o ) " o
i RS High-and {1 EERE 30

Table 5-6: Non-cancer risk estimates for acute exposures [updates US EPA (2019a) Table 4-27]
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